precipitations [Hillers et al., 2014, Sens-Schnfelder and Wegler, 2006] , regional water load 64 [Froment et al., 2013] , tides [Yamamura et al., 2003 , Hillers et al., 2014 travel time) and the scattered coda are contained in a 2.5 ms long signal (Fig. 1b) . The 142 displacement u z for the two simulations is uniformly computed over the top surface using a 143 grid of 3 mm spaced receivers in both x and y directions. This provides us a full description
144
of the wave propagation in the plate (e.g., Fig. 1b ).
145
We compute the cross-correlations for each individual source at the two receivers R1
146
and R2 (as represented in Fig. 1a ) and we stack the results. The causal part of the stacked 147 cross-correlation is shown in Fig. 1c and a single source. The center of the antenna corresponds to the receiver R1 in Fig. 1a .
160
The ideal approach discussed in [Boué et al., 2013] has been followed, and we compute the to a coda window, resulting in the field illustrated in Fig 1(c) . In this case, the intensity 167 distribution presents a wide azimuth (Fig. 2c) , and it is difficult to recognize a dominant 168 direction associated with the source. The characteristics of the two regimes illustrated in
169
Figs. 2 b and c are used in our interpretation of the effects of noise anisotropy.
170
For scattering problems, a key parameter is the scattering mean free path (mfp) l, or 171 conversely the scattering mean free time (mft) t l = l/C [e.g. SATO, 1978] . Following the 
, where ω 0 is the angular frequency, τ is the nominal travel time of the phase, and B (·) from an isotropic intensity distribution B(θ) = B 0 . To simulate correlations of anisotropic experiment. This is most likely due to the effect of scattering, not included in the theory, 228 which generates a variety of incidence angles for each individual source (Fig 2b and c) illumination. We compute the correlations using a 7.5 s window encompassing the direct sources that lie within a circular region between the station pairs are removed to better 265 match the numerical experiment. We first compute a reference using all events in this range,
266
representing an isotropic illumination of the receivers, and then progressively limit the source available, averaging the δt(τ )/τ measurements over similarly spaced pairs will necessarily Furthermore, studies using ambient noise benefit from a nearly limitless quantity of data, 284 whereas in our case we have a finite number of sources. Therefore, the error estimate for the 285 coda given here should be considered a practical upper bound scenario.
286
5 Discussion and physical interpretation .
287
In the following we discuss the sensitivity of coda waves to noise anisotropic as derived from of the lapse time (Figures 3 and 4) . Note that in practical applications of monitoring, the 303 detection of a homogeneous velocity change assumes a constant fractional delay δt(τ )/τ .
304
The bias due to anisotropy of the noise does not produce such a constant fractional delay.
305
We use the expression of Eq. 2, valid for a direct wave bias only, to evaluate the 306 sensitivity of the path between the virtual source and the first scatterer. We call l f the 307 distance A-S1 for this particular path of Figure 5 . The travel time between A and S1 is 308
given by t f = l f /V . When using the expression 2, the relative error produced by anisotropy 309 for a single scattering path can be written as:
where θ is the azimuth of the path A-S1.
311
This result is however only valid for a single path. The characteristic average distance 312 between the source and the first scatterer is given by the scattering mean free path l, and the 313 corresponding mean free time, t l = l/V . For our purpose, l can be considered as the distance 314 for which, on average, the wave behaves as a direct wave. We know that the average travel 315 time between scattering events t is given by t l , the mean free time, but the summed average timing error has to be computed in accordance with the underlying statistical distribution 317 of the propagation time between two scattering events.
318
In a random walk scenario, it is intuitive to consider a fixed step represented by the 319 mean free time. A discussion of the statistics of distance (or equivalently of time) between 320 scattering events in the diffusion regime is out of the scope of this paper. We refer to Heiderich 321 et al. [1994] , who showed that the diffusion in a medium with anisotropic scattering can be 322 described by a random walk process when the step length follows an exponential distribution.
323
In our case, this means that the statistical distribution of l f is of the form:
The average of δt cannot be computed directly because of the divergence of the equation < δt >, we add the constraint that δt must be smaller than t. This leads to the upper bound
328
< δt > max that we compare with the value of δt computed for t = t l through the ratio:
For the source anisotropy depicted in Figure 1a (B 2 = −0.6), and choosing parameters 330 characteristic of monitoring at the crustal scale (frequency∼ 1Hz), we obtain R = 3.9 for and we apply the correction R.
333
We extend this analysis for a single path and a single azimuth to all the different paths 334 that contribute to the coda by averaging the bias δt over the azimuth θ of the first scatterer.
335
Coda waves consist of multiple arrivals following pseudo-random paths. This implies that 336 the analysis we propose for a single path must be generalized to an ensemble of paths, or, we assume that the contributions of each path to the final result are equal and that their 341 time shift δt are small (ω 0 δt < 1), the total contribution is subject to a delay < δt > that is 342 simply:
Whereas the bias expected for direct waves is the maximum value of the term
, we 344 note that the coda could not suffer from such an elevated bias since it is represented by 345 the average value of the term that is governing the error associated with anisotropy. When 346 considering the same extreme case of anisotropy as used for the numerical simulations in 347 section 3, we note that the term B /B has a max value of 6, leading to the theoretical error 348 in green of Fig. 3a . The average value < B /B >, however, is 1. This contributes to the weaker sensitivity of coda waves and the rapid drop of < δt > when passing from direct to 350 coda waves that has been noted in both numerical simulations and real data.
351
We have tested the relation 6 with two examples. It is important to recall here that the 352 physical parameter that is monitored is the seismic velocity C, through its relative variation:
where τ − m is the lapse time at which the measure is performed. The first case we consider
354
is the numerical example presented in this paper. We evaluate the relative error due to the Comparison between the unperturbed cross-correlation and the perturbed one. 
